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APPENDIX D
SUMMARY OF THE RAPID SEISMIC ANALYSIS PROCEDURE

D-1. Introduction

This appendix summarizes the rapid seismic anal-
ysis procedure (RSAP) developed by the Naval
Civil Engineering Laboratory (NCEL) for the Na-
va Facilities Engineering Command (NAVFA-
CENGCOM). The RSAP is preceded by computer
and on-site screening a which time site hazards are
identified. The RSAP is intended to identify
buildings that are either liable to be severely
damaged or only lightly damaged. It is a further
screening tool. A complete description of this
procedure is given in the NCEL Technical Memo-
randums TM No. 51-78-02 and TM No. 51-83-07.
Examples showing the analysis of a steel and a
concrete building are given in paragraph D-9.

D-2. Background

The RSAP was initidly developed by John A.
Blume & Associatesin apilot study of arelatively
large number of buildings at Puget Sound Naval
Shipyard in 1973. The procedure was formalized by
NCEL.

a. Sasmicinvestigation of an activity. The seis-
mic investigation is divided into two phases. In
Phase | the selected buildings at the activity are
andyzed approximately by RSAP. Phase | paralds
chapters 2, 3, and 4 of this manual. Those buildings
found to be inadequate to Phase | are analyzed in
detail in Phase Il to determine the degree of
strengthening required and to estimate costs of
upgrading. Phase |l pardlds chapters 5, 6, and 7 of
this manual.

b. RSAP. The main purpose of the RSAPisto
identify those buildings that may be susceptible to
severe damage. The major steps of the RSAP are
shown in table D-1. The procedure has the same
development roots as the procedures covered by
chapters 2, 3, and 4 of this manua. The major
modifications that NCEL made to the basic rapid
analysis procedure follow:

(1) Systemization of the analysis of the facility
inventory assets at a Naval installation.

(2) Development of the response spectra for
the design earthquakes. This procedure has since
been formaized by the Tri-Services Committee and
is covered by NAVFAC P-355.1 (e.g., SDG).

(3) Automation of computation of shear stiff-
nesses for concrete or masonry buildings, the first
mode shape and natural period of multi-story
buildings, and estimation of building damage from

the response spectra.
(4) Enhance the RSAP with the following
modifications:

(a) Criteriafor field screening.

(b) Criteria for eliminating buildings from
further investigation in the rapid analysis.

(c) Modified criteria for determining struc-
tural properties including damping values, naturd
periods and base shear capacities.

(d) Modified criteriafor determining the site
demand from the response spectra at the ultimate
base shear capacity for certain systems.

(e) Criteriato aid the selection of buildings
for detailed analysis.

(f) Criteriato aid in evaluating the adequacy
of the lifeline utilities at agiven Nava activity.

D-3. Selection of buildings

The selection procedures of the RSAP includes
provisonsfor inventory reduction, field screening,
gathering of structural drawings and calculations,
avisud inspection of the selection buildings, and a
cursory survey of the site geological hazards.

a. Inventory reduction. A procedure and criteria
are presented in the RSAP references to facilitate
the selection of the buildings for the visual screen-
ing. With the issue of this manual, the RSAP
criteria are superseded by the screening procedure
of paragraph 2-3 of this manual.

b. Field screening. The RSAP references
recommend criteria for eliminating buildings from
further investigation. These decisions are made
after the brief survey to determine physica
conditions and after a brief examination of
construction drawings. The criteria are smilar to
those provided in paragraph 3-2 of this manual.

c. Visual inspection of selecting buildings. A
final visit is made to verify that buildings are built
as shown on the drawings, especialy the lateral-
force resisting elements. This step of the RSAP is
smilar to the first two steps of the preliminary
evaluation described in paragraphs 4-2a and 4-2b
of thismanual.

d. Stegeological hazards. During the dte visits,
a cursory survey should be made of the potential
saiamically-induced geologicd hazards based on the
available geologic subsurface information. These
hazards include faults and fault rupture,
liquefaction, landdide and lateral spreading, ground
cracking, compacti onsettlement, tsunami,andsaiches.

D-1
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Table D-1. Major steps of the Rapid Seismic Analysis Procedure (RSAP)

Prelimnary

o Visual survey of the lifeline utility system

0 Screening.
o Selection of buildings.

RSAP

o Determination of the site elastic response spectra.

o Determination of the structural properties at yield and ultimte
I evel s for the transverse and | ongitudinal directions.

o Estimation of damage fromthe structural capacities and demands

fromthe response spectra.

Fol | ow Up

o Selection of buildings for detail ed anal ysis.

o Followup investigation of site hazards.

D-4. Determination of response spectra
Site specific elastic response spectra for single
degree-of-freedom systems are determined in ac-
cordance with the procedures given in the SDG,
chapter 3, appendix C and appendix D. The NAV-
FAC ground motion criterion for the RSAP is a
maximum ground acceleration having a 20 percent
probability of exceedence in 50 years. (Note, this
differs from the provisions in this manual, which
pecifiesEQ-11. EQ-11 has a 10 percent probability
of not being exceeded in 100 years.)

a. Sample response spectra. Figure D-1 shows
the resulting response spectra for an intermediate
soil site with a maximum ground acceleration of
0.25g. The curves in the figure are used for
determining the selsmic demands (loading) on the
buildings. These spectra are used for the examples
of the RSAP given in paragraph D-9.

b. Acceptable capacities. Buildings with spectra
acceleration capacities at ultimate that satisfy the
site demands at ultimate according to the ground
motion criterion are considered fully acceptable.
Those buildings whose spectral acceleration capac-
ities at ultimate are 75 percent of the demands at
ultimate are considered marginal.

c. Variation in force levels. It is recommended
that damage estimates be made for a few force
levels below and above the 80 percent/SO year
level. These estimates provide a profile of the
expected seismic response of the building. This

D-2

recommendation is similar to those in paragraph 4-
2d(6) of this manual.

D-5. Determination of structural properties
at yield and ultimate levels

The damping values, the natural periods, and the
base shear capacities are determined for the trans-
verse and longitudinal directions of the building.

a. Damping values. The assumed damping val-
ues used in the RSAP are given in table D-2.

Table D—2. Damping values

Percent of Critical

Type Yield Utimte
St eel 5 10
Concrete 5 10
Wood 10 20
Masonry 5 10
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(Note, these vary from the values given in table 4-2
of this manual.) The damping value increases from
the yield to the ultimate level due to the inelastic
deformation of the structural and non-structural
elements of the building.

b. Natural periods. Natural periods of the build-
ing in the transverse and longitudinal directions are
determined from the following equations:

() Yidd Levd:

0.05 h,,
Empirical: Ty =C b (eq D-1)

Theoretical: Ty =2 7V rin (eq D-2)
n
2 w62
i=1
Ty =27 (eq D-3)
n
g E f;8;
i=1
(2) Ultimate Level:
SaY
TU = TY " —S_f (eq D—4)
aU

where h, = height of building (ft)
D = width of building in the direction
considered (ft)
C = aconstant between 0.75 and 1.5 to
account for building mass and stiff-

ness

m = seismic mass

k = dgiffnessof the building in the direc-
tion considered

w; = weight of the building at level ‘i”

0, = eadicdeformation at level "i" using

the applied lateral forcesf;

i approximate lateral force distribu-
tion consistent with the assumed
fundamental mode shape

« = ductility factor equal to ratio of
maximum displacement to yield dis-
placement

S,y= Spectral acceleration capacity of the
building at yield level

S,y = spectral acceleration capacity of the
building at ultimate level

(3) Equation D-1 is obtained by multiplying
equation 3-3A of NAVFAC P-355 (e.g., BDM) by
the constant C to account for the different building
masses and stiffnesses. Equation D-2 is the natural
period for a single degree-of-freedom system.

(4) Equation D-3 is the Rayleigh equation 3-3

—h
1

D-4

of the BDM. The weight of the building is approxi-
mated by assuming unit weights for the roof
framing, floor framing, wall, actua live loads (if
any), and other miscellaneous items.

(5) The natural periods of the building at the
ultimate leve, T, are computed from the periods
at theyield level, T,, by using equation D-4. The
range of the recommended ductility factors, u, are
givenin table D-3.

Table D-3. Ductility factors

Type U
St eel 4- 6
Concrete 3-4
Wood 3-4
Masonry 2-3

c. Base shear capacities. After reviewing the
field survey notes and the construction drawings,
rought sketches of typical plans and elevations of
each building are made to determine the primary
lateral-force resisting system or systems. Theyield
and ultimate base shear capacities of abuilding are
computed by summing the contributions from the
vertical lateral forceressting elements of the
building in the transverse and longitudinal direc-
tions and dividing the results by the seismic weight
of the building. The horizontal lateral-force
resisting elements such as beam, girders, floor and
roof diagphragms are only considered indirectly in
the analysis by examining the effectiveness of their
connections to the vertical lateral-force resisting
elements.

(1) Yield capacity. The yield capacity of a
building is defined as the lateral-force required to
cause the significant yielding of the most critical,
not necessarily the most rigid, component of the
|ateral-force resisting system.

(2) Ultimate capacity. The ultimate capacity of
abuilding is defined as the lateral-force required to
cause yield initiation of the most flexible compo-
nent of the lateral-force resisting system of the
formation of a collapse mechanism.

(3) Examples.

(a) A stedl building with a lateral-force re-
ggting system congigting of infill brick walls and X-
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braces may behave as follows in resisting seismic
forces. The brick wall and X-braces may act
together in resisting the seismic forces until crack-
ing of the brick wall isinitiated. Then the X-bracing
and columns (only after the yielding of the X-
braces) will take more and more of the seismic
loading until they fail.

(b) For a reinforced concrete building with
shear walls, the shear walls will resist most of the
seismic loading until they have started to crack.
Thereafter, the frames will start to resist on
increasing portion of the loading. For reinforced
concrete frame and/or shear wall and reinforced
masonry buildings, the ultimate base shear capacity,
Cgu, Is computed first. Then, the yield base shear
capacity, Gy, isobtained by dividing Cy, by aload
factor 1.5.

(c) Wooden frame buildings with shear panels
will behave like the concrete frame and shear wall
buildings.

d. Spectral acceleration capacities.

(1) Before they can be used for estimating the
earthquake damage, the base shear capacities Cg,
and C;, must be transformed to the spectral
acceleration capacities S, and S, using the
following equations:

Sy =aCgy

Sy =aCyy . _

(2) The constant a in the equations depends on
the mode shape and mass distribution. The great
majority of the Navy buildings are less than three
stories high and can be classified as low-rise (< 6-
story). The o constant for low-rise buildings ranges
between 1.05 and 1.18, with the larger value for the
taller buildings. For conservatism and smplicity, a
is assumed to be one in most cases. (Note, o aas
used in this appendix is the inverse of a used in the
SDG and in table 4-1 of this manual.)

D-6. Estimate of damage

Earthquake damage is estimated from the demands
of the response spectra using the damping values,
natura periods, and spectral acceleration capacities
of the building.

a. Damage assumption. Until yield capacity of
the building is reached, damage is assumed to be
equa to zero and ductility factor equal to one.
When the ultimate capacity is reached, damage is
assumed to be equal to 100 percent and ductility
factor equa to the maximum value. For intermedi-
ate values of capacity, damage assessment is nec-
essarily somewhat subjective and depends on many
factors not amenable to analytical treatment. For
the rapid anaysis, damage is assumed to vary
linearly between the yield capacity, S,,, and the
ultimate capacity, S, as shown in figure D-2.

b. Damping assumption. Another assumption

required for estimating damage is the amount of
damping during the response of the building.
Damping is assumed to be a constant up to the
yidd capacity. Above yield, the damping increases
because of energy absorption and dissipation from
indastic response. The damping values used in the
rapid analysis were given in table D-2. Further-
more, damping is assumed to vary linearly between
the yield and ultimate capacities of the building.

c. Damage estimating procedure. The
procedure for estimating damage is based on the
reconciliation of the site demands, S, and S, and
the spectral acceleration capacities of the building,
S, and S_,. The procedure is illustrated
grephicdly in figure D-2. The spectral acceleration
capacities of the building are denoted by the open
circles a the natural periods shown. The
corresponding site demands are denoted by the
black dots. The intersection of the two lines defined
by the two sets of points determines the estimated
damage of 60 percent. This procedure is essentially
the same as the capacity spectrum method of the
SDG that is described in paragraph 4-2d of this
manual .

d. Modification to damage estimation
procedure. After performing the rapid seismic
analysis on afairly large number of stedl buildings
and wooden buildings, comparisons of the RSAP
damage estimates with damage observed in mgjor
earthquakes for buildings of similar construction
indicated that the estimated damage were much
higher than the observed. More realistic damage
estimates were obtained by applying a reduction
factor R, to the ultimate site demands for stedl,
wooden, and reinforced concrete and reinforced
masonry  buildings with better-than-average
reinforcement detailing.

(1) Thereduction factor R, is used to account
for energy absorption and dissipation from inelastic
seismic response of the building during actual
earthquakes not accounted for by the lengthening
of the natura periods and increase in damping from
the yield to the ultimate level. The following R,
values are recommended:

(a) Sted Buildings: R, = 5.0.

(b) Wooden Buildings: R, = 5.0 for those
buildings with alarge number of interior partitions.
For wooden warehouses and large-span wooden
structures, R, = 1.5.

(c) Reinforced Concrete and Masonry Build-
ings R, = 1.5 for those buildings with better than-
average detailing than required by code during their
design. Otherwise, R, = 1.0.

(2) An illustration of the effect of R, on the
estimated damage is shown in figure D-2. With R,
of 5.0, the estimated damage is reduced from 60
percent to 34.4 percent.
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Figure D-2. Graphical illustration of damage estimation
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e. Combined building damage estimate. For
each building, damage is computed for the
transverse and longituding directions. To determine
the combined damage for the building, it is assumed
that one-third of the building depends on the
lateral-force resisting system in each principa
direction and one-third depends on both directions.
That is, if alateral-force resisting element required
to provide seismic resistance in both directions is
damaged by earthquake ground shaking in one
direction, it is aso damaged in the other direction.
Combined damage for the building is obtained by
taking two-thirds of the damage in the more critical
direction and adding one-third of the damage in the
other direction. For instance, if the damages are 60
percent and 30 percent in the transverse and
longitudina directions, the combined damage is 50
percent. (Note, this is essentidly the same as
paragraph 4-2d(5) of this manual.)

f. Computer aided procedure for damage esti-
mates. When computing damage estimates for
many buildings and/or at many different ground
acceleration leves, the computation is best done by
a computer program. NCEL has developed
computer program GEL 9 to do the calculations.
The dite identification, maximum site ground ac-
celeration, digitized site response spectra, building
identification, damping values, natural periods, and
spectral acceleration capacities at the yield and
ultimate levels for the transverse and longitudinal
directions, and the replacement cost are input into
the computer. The program computes the estimates
damage and cost for the building at the maximum
site ground acceleration. The damage cost is
obtained by multiplying the estimated percent
damage by the replacement cost. In addition, the
program computes damage estimates for maximum
ground accelerations between 0.05 and 0.50g at
0.05g increments. A sample output from the
program for a steel building is given in table D-4.

g. In genera, the successful application of the
rapid seismic analysis procedure demands experi-
ence in seismic design and construction and good
engineering judgment.

D-7. Selection of buildings for detailed
analysis

Based on the results from the rapid analysis, the
following guidelines are used in selecting buildings
for detall anadysis:

a. Buildings with greater than or equal to 60
percent combined damage under the maximum site
ground acceleration would definitely require detall
analysis.

b. Buildings with greater than 30 percent com-
bined damage may warrant detail analysis.

c. Buildingswith relatively poor structural con-
nections may require detail anaysis, even if the
combined damage is less than 30 percent.

d. Essentia buildings and other structures that
are required to remain functional during and after a
mgor earthquake are analyzed in detail as for new
buildings according to the criteria given in
NAVFAC P-355.1 (e.g., SDG). Variance from the
criteria is allowed only with the consent of the
approving authority.

D-8. Visual survey of lifeline utilities

If an activity isto remain functiond before and after
an earthquake, the lifeline utility systems and the
mechanica and electrical equipment must aso
remain functional. As a part of the rapid seismic
analysis, a cursory survey is made of the lifeline
utility system to determineits adequacy. The lifdline
utility system at an activity includes:

® FEnergy
Water
Sewer
Communication
Transportation

a. Network of utility elements. The effects from
thefailure of an utility element of the lifeline utility
system is different than the failure of abuilding in
an activity with many buildings. The fallure of a
building generadly has little or no effect on the
surrounding buildings, except in case of fire. By
contrast, the utility elements are part of a network.
The failure of one element can have an immediate
effect on the function of the whole network. A
discusson of lifdine utility problems in past
earthquakes and solutions is given in NCEL TM
No. 51-83-07.

b. Administrative measures. The following ad-
ministrative measures are recommended to mini-
mize effects from earthquake damage to lifeline
utilities on the mission of an activity:

(1) Analyze and strengthen inadequate struc-
tures.

(2) Provide adequate seismic bracing and/or
anchorageto utility equipment and storage facilities
(see chapters 3 and 10 of the BDM and chapter 6
of the SDG for examples).

(3) Provides standby emergency power, water,
materials, storage facilities, and aternative utility
routes to insure rapid restoration capacity.

(4) Develop disaster recovery strategies.

(5) Coordinate emergency planning with other
military activities.
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D-9. Examples of the RSAP estimates for the steel building and table D-7 gives
The RSAPisillustrated by means of two examples. the estimates for the concrete building. Figures D-3
Oneis a stedl building and the other is a concrete and D-4 give the building descriptions and the
building. Table D-5 gives the response spectradata ~ RSAP calculations for the steel and concrete
for both examples. Table D-6 gives the damage buildings, respectively.

Table D-5. Response spectra for steel building, example 1.

CAMAGE ESTIMATES FOR VARIOQUS LEVELS OF EARTHAQUAKE

. DAMAGE ESTIMAYE FOR VARIOUS BUILDINGS AT NSY LONG BIACH
NIGITIZED  SITE RESPONSE SPECTRA FIR [0.25 G

PCRIOD PERCENI OF CRITICAL DAMPING

2 PONT 2 PCNT 5 PCNT 16 PCNT 20 PCNT
M.l.._-. — _9.1.25-. — -'.1-2‘5 0-25 0.23 0.25
0,08 . _ Qe2S  __ 9425 0.25 0.25 0.25
0.03 D43 . Ce33 Je 33 Ce29 Ne25
0,10 115 ... 2.6% .43 0.3R 0«32
0.!.1.5..___-.1&‘.32__ __Oqaq_ 0.565 Ne.483 039
029 le66__ _ 0693 0«75 0,33 0.482
LSed8 LIS ____ __1.35 079 0.59 Q.46
030 = 1030 1.0 0.32 0.63 0.48
.35 la31 __ ___ _1.19 0.33 J.63 .49
040 1719 1,03 0.31 0.62 Bet7
0445 LT3 —.-1e93 0.77 N.Z8 D.44
.Q.!.Su_._—_l.l_sq _._1'00 0-74, 0.5' 00’2
2.05.5______.10{10.__-__0094, 9-‘19 0.51. 0.39
QoD 1e51 . ___ le38 JeS% .43 Je37
La653 1,49 J.32 de51 J.45 0.24
D10 129 e BeT7 057 04641 0.32
0,75 1.21 ) .72 N.S4% 0.41 0.350
$.80 1,12 = J.618 3.51 D39 0.29
Q88 1,01 Je53. Ned8 Je*5 0.256
N=96 0e23 .53 fet % 0.3%, 0.05
.10.14 j.i& ~_).L54. O041 dedl :.‘02Q
112 0.79 Je30 0.33 Ne29 Ne23
1,20 =~ 0,72 __  ___ .47 0.36 0.27 0.22
128 _ 2.68 Js89 De30 Ne25 J.21
lelh ___ 0.358 (.82 .32 6e25 N.20
la4s D.£1 Jet0 3.30 0.23 0.19
1.52 0.38______ _0.37 D.23 0422 0.18
1.60 0.5% ¢35 De27 021 017
1.6% 0.5% __ 9.3a8 0.25 0.20 0.17
176 031 D32 D24 Ne173 0.16
1.84 0.48 0.31 . 3.23 0.13 015
192 0.46 Q.30 T.22 N.13 0.la

2200 0'.44 0.28 J.21 0.17 0.13

D-9



TM 5-809-10-2/NAVFAC P-355.2/AFM 88-3, Chap 13, Sec B

262
‘Zese
XT%4
1192
€174
1€22
vi6l
11X
Ty
(1%4
11¢1
$1 3]
9”1

$ 0001
183 39y

£°59
(34 ]
[ A ] ]
ol
s°ut
1°s9
| 2l 11
£
veze
L0}

169
[ 4 41
$°1e

INda
Z9YMY0 OINIBWO)D

veze §60°0 946°1 0*Te 910 v09*1 0%°0
0°1t¢ Wo°o 00e°1 €°99 [ A 254 ] (12201 S0
T°69 v0°0 ceZ*1 919 1610 (921 L A4
€°99 $90°0 €801 £°6% stico | X400} (39
6°€¢ 9sC°o *f6"0 €°9y [ 1104 } T96° ( [ 19
6°61 9%0°0 wiL°0 9°6ct 230°0 oW ( $2°0
[ A 74 150°0 [ X424 1 $°61 930°0 TY9° ( 020
6°49 §28°0 L9v0 0°0 6%0°0 1980 S1*0
96 610°0 11¢°0 00 ££0°0 12¢° ¢ ot°o
te11 600°0 9st*0 0°0 910°0 091° ¢ s$C°0
6°¢d 9%0°0 siL°o 9°st [4 124 ") 2o ( (T4
19841 $t0°0 165°0 vt Z90°0 019°¢ [ R 24
vy 920°0 910 0*0 9v0°0 6ve( vi®o
INJd 9 9 INJd 9 9 9
39vMv0 *1n 07311 39YNY0 *1n 03 *I3Iv ONYY XYM
F3IIv vl d2dsS W30V W¥EII4E

NOTJII¥I0 YyNIONIT19NOT MOTJIJ2VIC ISYUIASNYYY

SNOJAVNITNIIIVY ONNOVY WNWIXVYN 40 STIIAIT SNOTYVYA ¥OJ SILVMILSI 39VNVO

*seiItze ¢ J9vuvY0 40 150D 0IivhlisS)
INJJuUId 1°5Y ONIOTING O1 JOVYWYO vi02 031VMILS)
°000RZeC 1503 IN3INIIVIdSN ONICTING
000°s 9%0°0 [AXAd ] ot°o ogec 1 TN veign
[Z¥ a4 ) [ 19 A4 ] $0°0 [ X LA ] 13437 071314
NOI1J3¥10 T¥YNIONL2TINOT
[ 11 AR [4.1: 241 019°0 01°0 ISt 0 AELEREEIR LN 1)
Z0R°0 0is®y 0% 0te0 TIRIY GI5TA
NO11J3¥1l0 >SuIASNYYY
(R 1] [} (235

ONYH IO A81Jvevd
L} 3318 vS ¥is vs§ ONIdWYQ Q01usd

E 4C NOTAYUITZIOY TYNIWON Vv ¥OJ JLVYWIES: 39VAV( ONY SIJI¥2dOWd INIOIING

dOMS ¥Idd0) ONV 3d1d 11 92078

HJIY5E ONOT ASN LV SONIQTING SNOJuvA ¥04 JavW1iS: 59VNWVO

INVNDHINYI 40 STIAIY SNOJEVA w03 S3)VYWIJSI 39VYWYO

‘[ aydwoxa ‘Suipping jaaps 1of ;nding "9~ 2190

D-10



TM 5-809-10-2/NAVFAC P-355.2/AFM 88-3, Chap 13, Sec B

s oeot
1S3 39vuv0

(AR 1
¢°0
[ M

1NJd
3J9YNYO0 OSNIONO0D

SNOTIVYITIIIIV ONNOUS BNWIXYW JO STIIAIT SNCIUVA ¥OJ SIIVKILIS) IDVRYO

0001
o°o0t
9°001)
9°00
0r00Y
[ A4 3
[ 34}
[ Ad ]
0°o
[ Ad
(A %4
e°0
0°0

IND)d
J9vuvg

deesh
[ 41 Ad]
(X T34 ]
[T1 0] ]
[ L 244 ]
994°0
[ Y394 ]
192°0
{81°0
460°0
99¢°0
9¢t°0
2920

9
°1n

shite
0L5°0
t6%°0
189°0
PIET]
Zitcto
862°0
£22°0
se1°0
v 10°0
ziceo
TTAL)
900

9
07312

1333v Wvy¥id3dS

No1123Vl0 WNIONLIONGT

NI TS

J00°1

*6CTZI9C 8

64001
13131
0*001
9e001
00001
0°001
13
veo
0°0
0*0
0°007
0°0
¢eo

INJd
I9VNYQ

sbo’t
00640
fov°o
toLd
209°0
T05°0
T0e*0
10£°0
103°0
001°0
TUS°0
28E°0
182°)

9
*1n

otuse
‘Lt
se9t
st
nLee
e (
928 (
(13444
91 ¢
280°¢
(T IR
oret
LA

9
a3y

7329V WWHLII4S

NO31J3YI0 ISUIASKYYY

I9YNYO 40 250D OTVIVKILSI

SNIQIINA 0 JIOVMYO V01 031Ve]§SI

°000SSeY 8
99%4v°0 01%°0
g0 oecco
26s°d 08V
TIL 02¢*0
199 191

ONYHIO  AL12veYd

3118 ¥S ¥isS vs$S

9 §2°0

1S0) INIHIIVIGIV ONTOTING

[ A ] [ 12 84"
50°0 [ J3 A4
[ 28] ngit
50°0 0Ho* 0

1338)

INIduYO 001u¥3d

0640
YAd )
oeh
§v°0
ot o
e
(YA
(388
otlo
(4]
S2°0
61°y
vies

a
*3IV ONBO XYW

M3AIY JIYNILN
TIA3Y 0318

NUT WA TYNIONITIONDD

CV3INIY JLNNELN
13A3Y 01318

NOLIJIBI0 3SEIACKYYIL

40 NOTSVEI1320v WWNIWON v VO3 3JVMIISI 30YNYC ONV S315v3c0ud ONICTINR

ININIYM INJwYH 8621 9079

HIV3IY INOY ASN 1V SONIOTING SNLIYYA wC4 FIVYWIIST JOTHIU

INYNUKIYYT F6 STINIV SNOTUYA NUs SIEvRILST oWNYS

g adwoxa ‘Fuipng ajaLouod J0f mdimQ ;- 219°.L

D-11



TM 5-809-10-2/NAVFAC P-355.2/AFM 88-3, Chap 13, Sec B

Bulld-na 131 - P|Pc and .Cop?er Sth

Bullé l‘nq Dd'ra

One —s'rory sTes( frame bUI’Jonﬂ

D"o;un TS l94o
122 1 X 402 41 1n plan X 3I1.5 4t high

ConsTruchion

LaTerally braced sStecl frames
ComPa‘I_rlo-h roof suFFor"re-l By sTcel Truzzes

and bracin
Rivel connecTions

FeundaTion consisls of concrete slab_ suppor?-
ed on concreTe p:/e‘.

Lateral fovce resus’Tu}pj syslem

Stecl {vomes with wverfical Lracu'nj
in The lonchqun-l divection

Beom- Girder SysTem .

Bcam5 :
& - W 2! x59
27 - W 24x 74

Cran < 3|w4efs:

20 - W 30X lle

Columns
22 - Wilox 33

22 - wWiex 45
Sheet’ 1 of 7

Figure D-3. Example of steel building. (Sheet 1 of 7)
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-
‘ 4.° 40’ 44
=S =
122

CROSS - SECTION

Taree sels of £3% X3 Y 516"
\/Four %“ﬁ/’"ﬁ’fi " -&47’k sheer each brace.

7\ PN VAN
2
. »
o Cranc Way N
:

Ne N AVA4

AN 7 VAN

402"
PLAN

Sheet 2 of 7

Figure D-3. Example of steel building. (Sheet 2 of 7)
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TM 5-809-10-2/NAVFAC P-355.2/AFM 88-3, Chap 13, Sec B
We.s hts=

Roocf € {ramina
Walls

Misc

-—

25 PsF
10
5 Avea
40 psf¢ x (122'x402") = 19¢1. g™
Spec_'rral Ac.cc/era—ruon quac.o—fces l"—y = 26. ks
Columns hc(F = 15,'/2 ‘7,5’
W iOxa=
U - Fq Sy e 3B&.k(25.7)
‘ L]
b U220 7zZs' (1247 )
= 1abr
F s

= & 75, 16
4.

(f( ('z/) (

W ilgx4s

3.6c “/c.,/

79,0 ke,
) = 14.‘/,,‘,/ %4 21.6 L.
V, =« |4, Jeol, 932 = 3,73
y Veol. (ZE A
At y,e/c; .
Lcnj-: Vee . = 22e0l. (3 Gé/o[ + 3, 7”/40’ )
= lg2.6k
Trans., - ch = 22 col ('4.%/. + 2rekla 1)
= (o032 4%~
Sheet 3 of 7
Figure D-3. Example of steel building. (Sheet 3 of 7)
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TM 5-809-10-2/NAVFAC P-355.2/AFM 88-3, Chap 13, Sec B
AT u lTo maTc :

- i o=
Lonag ™ \{)Cj_ = L5V ~ I.5(l62.6 )= 2429

Yc_e
Trans.. V. = LZ V = (,2((1003.2%=203.8"
< t
D|aqana/ Braces. 00\/7 e(fec-ft-uc ;vn .fen‘lcn
=4

' » of
Six =sela of 43,/2 ’X3 'X 576 . o
Each =T is conrec7ed by ¥our 758 ﬁ/r/v¢7':

" s:ng/e shecar.

40
A= 3.0 n" 5" <l az72"
Braz.e ..
4o. . .
E/ = f"} A (42.72) = B6. hsi (3.0 *z)(3§7z
= lo1.1%

F_our 778.5 rlﬁeTs

brace

Sr = 44 {v %72) - 4 (%r0.875)2(18.7ﬁ'ks.)

. ke,
"(f‘z".‘-r'z = 4z.2 44::
Controls,

STr:n77¢1 of The =ix dlagana/ broces -

S, = 6d4z.z*) = =z53.2k

”e7 Ie«{r co"-rr:bu-rlow -(‘rom Sldl’Mj

ToTals
At qicld ©
7 ‘ Z25=Z Zk
berg: = Sav,” Cev,” Tsers - I3

Sheet 4 of 7

Figure D-3. Example of steel building. (Sheet 4 of 7)
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TM 5-809-10-2/NAVFAC P-355.2/AFM 88-3, Chap 13, Sec B

Toaws. - s = ldoo=z.=z=f
aYe /oes.gx = 232!
At wlTimmaTe
Long- s., = 25325+ 16z.ck _
1 1961.p % Q.=
. ' ke
Trans. - s = 1202.8" _ ,
aut (96,8 4k C.)_———i’
NaTural Periods
AT gjev/c{
- () 2%
7; = 27 vy
m= g = T = sovh iy

Column sTi{fness=s -

— I ET
k(- - Z- L_3

Long® g = zz [IZ(3axw ](36 5 +324.8)

co 05.)°C144)
Lteil. %t

I

Tra;as. g _ /2. Czo. X/O)]
koo = 22 /) 753 craa 7 708D

= 14 zg9./1T

B ra c.-}n? sTiffness -

k= ﬁg 40. 3. (30.x10 %D %
d 42.72) o0z (3552

= 1847.0 t//f/éra:c

Sheet 5 of 7
Figure D-3. Example of steel building. (Sheet 5 of 7)
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= .o AT = i kL
ky, = € (ira7.0 4t ) 1oaz"y/

La‘nj. :

K = kR, +k = llosz.At+ L1615
‘ AJ C-e V4 4
- 1z z435%r

- 60' "‘e’-‘/fT —
Trans.
&60.9%
T = 27 609 - ‘a://f' - O4l see

Ye 14,2894t g<

AT lelmaTe

00‘!/ 'fle CO/Umr’ 3‘7://045‘565 are

e eclive

T = O.44 l’/,/é/. — /.43

(,4/1.2

= 0.75 sec

L-anj . .

&

Sheet 6 of 7

Figure D-3. Example of steel building. (Sheet 6 of 7)
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TM 5-809-10-2/NAVFAC P-355.2/AFM 88-3, Chap 13, Sec B

S umma ry

T (secec.) S (9 )
At Yicld
L—Ov‘la. 0-44 0-13
Traas Q.4 | O.5)
AT UltimaTc
l_ona,. |. 43 o.2(
Trauns 0.75 0.6l

.Tbc rccpme ‘Pecfrq U‘cd 7‘3 faa.l "'}!c buv/Ju..j
Is glocn n Table D-5.

Compu-rc" ou.TPUT for The bUI'Joh 1= shown .

Table D-6 . The combined damaae Lor the
bu'lld ‘0'\3 OT 0025 3 s 65.‘%' Hence J'f’qe bul/—
a,,.., reéluores slrengthening. This can be ac-
com pl t= :

ed by wec{u'v7 The exi=stin c/ta9onal
brace connections and/ov Tthe lns—fznﬂafﬁon of
ne wus dlagonalbra.ces i

Sheet 7 of 7

Figure D-3. Example of steel building. (Sheet 7 of 7)
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Building 129 B - Marine Machine Shop

Build (ng Data

One- s‘for)/ reinforced concrele bulldma w Hi Tweo

mezz=anines
Drawn in 1944

172 1 X 275 £t in Plan X 3a 1 high

C onsTruclion

Reinforced concreTe frames and shecar walls .
Buddt-up roofina over concrele rocf slab .
Concrele =lab FoundoTion

L ateral-~ force rescs'f'a;.a sys'rem -

Reinforced concrele frames and
shear walls.

Beams
No . Siee Cin)
24 14X 16
24 | AX 28
24 18 X 42
36 g xXx=23
Total = |08 le X 30 = Avcr47¢
Columus
No . s ge (in.)
2 14X 18
2 1ex 16
24 1@ x 24
12 18 X30
Total = o . 18X 24 = Avcraje

Sheet 1 of 6

Figure D-4. Example of concrete building. (Sheet 1 of 6)
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Shear Walls

ExTericr . 8 in. .7'114&_/( wiTh abou? S0
ep<nings

lnterior % S in. Thick with nej/ljlble

amounT of oren:n?s .

-~ N

@@ ® O @« ®
ENREmE
N
©- = |
¢ -
. ¥ &
t tged -
1 15
r 5§V
® 1 10% v
275’ |
PLAN
® @ ® C? @
. g .
-~ ! t k
* ) R { PV ! 5
T«
3 \d Meouy = "
“ -
o %_Lvnwﬁ._. e ‘
172° _'r
CROSS - SECTION
Sheet 2 of 6

Figure D-4. Example of concrete building. (Sheet 2 of 6)
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Wetahfc
Roof
B (6 X330
cams a4 (150f>€{) = 500 “’/“r
S.OO_“a/fr — z -
25 {1 ‘Pa"’"? OP f
Slab —'éé- (I5OF<:.[) = 75 Fsﬁ
95 F"
Use 100 of
Walls

1050 linear fool of T/lbu'rar)/ 15'41911
2. Thick wall,

15° (8 ) (150 pt) (lo52#1) = 588508

158850 /b. = 33.c Ps[
72 )Y(275")

Use 35 st

SGJSMIC_ we(th
%4

Roof framin (Co o={

Walls s J 35 F

Masc.. _LL_
Lo p=f

Weght = 0.150p= £ G172 )C=z75") x
= 7095.

Sheet 3 of 6

Figure D-4. Example of concrete building. (Sheet 3 of 6)
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Spectral Acceleraticon Ca pac Tes

AssuMPT;ons -

. UlTimale shear slrenglh for concreTe
columns and shear Walls = 100 4 <,

2. Only one-Third of The column <ross-
scclionol area (2 effecTive in resisT-
:’na scis mic shear forces |

Columns
& o - e x=q" (Averaj-e Simwad columins
A= lex a4 = B384 l'u.'/ca/
. b
T, = BFB4.injeol (0.1ks) /= 12.8,4)

Vcd = GO0 col. (IZ.Ek/¢oI.) = 765.L

Shear Walls

Long. . (550 #)(120mft)(8in)(0.5)
-+ (25/?)(/24'”/{)")(6 fu)(/.O)
= 28 2000."

P4
X O, lks=s|

_ ke
\éwu‘ = zazo’

Trans. : (34481200 /6)(8. i )(0.5)
+ Gaoe12 a'n/{f)(é.;n)(l-O) Lz
= 26,529 .
XO.l k=
V:.wut = Z&652 ¢

Sheet 4 of 6

Figure D-4. Example of concrete building. (Sheet 4 of 6)
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Total Capacfﬁe::

AT O/fimale
Lon7. - s ‘ = C — 2820k42i8k
ad g edp TOODE k
= 0,51
Trans. : , . .
au_t BO’C —oos k
= 0O.48
p——— %
At Yield
Lone. . SaY“e- "5 - 0034
. ' 0.48
Trans. - S‘ayt= 1:5 = O_.__Z

N afura ' Pe rloA‘

At Yield
Lon < T = ©.95 hn = 0.05 (zz2)
7 Yo Jb J=75

= O.07 seca
[ A

AT OlTimale

l_anj. . T:J.l = 2 T,,‘ w 2(0.07)=0.14sec

Trans. - T, = 2T, =Z(0.08).‘-=O.|6scc

Sheet 5 of 6

Figure D—4. Example of concrete building. (Sheet 5 of 6)
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5 !!mmar"x

T teecc) | S4(9)
AT Yi.eld
Long . 0.07 0.34
Trons, ©.08 0.232
A'r U'TomaTe
Long. O.14 0.5
Trans. o.le 0.48

The res ponse = ceclra used To load TheA Lm“cn’
was given n Table D-5

The compuler cuTFuT for the buclJ:n3 15 shown
i Table D-7. The Jama:e Threshold 12 af
a wmaXimum round accelcratlion ©f aboul
0.207. The &slimaled combined Jama:e

al 0.25 q acceleralion s 8l.176. Thus, The
bullJv;‘la s inadegqc:re and reéumes s’rrenyﬂen-
ing Par‘fvcd/dry 11 The Tvans v€rse direction .
"n,,,; can be QCGOMPIISAQJ by ‘#ue./ccnnvj The

exishina shear walls with sholcrele and/for
e aJJ)‘T:on of new interior shcar walls.

UndersTandably , load Fq'ﬂpg mucl be FmrJUc
te The new shear walls To Tvansler seismic

forces To Thom I‘Mrou7h Thens, and 1nlo The
fou ndoaTion soil.

Sheet 6 of 6

Figure D-4. Example of concrete building. (Sheet 6 of 6)
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